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(54) LITHIUM NICKEL COMPOSITE OXIDE FOR UTHIUM SECONDARY BATTERY POSITIVE ELECTRODE ACTIVE 
MATERIAL AND UTHIUM SECONDARY BATTERY USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED; To provide a positive electrode active material capable of constituting a lithium 
secondar battery stabilizing a crystal structure of this lithium nickel composite oxide, being inexpensive, having large 
discharge capacity and being excellent in a cycle characteristic, particularly, a cycle characteristic in high 
temperature time use by properly using an element for substituting an Ni site, and substituting even a part of an Li 
site with the other element in lithium nickel composite oxide having a relatively inexpensive stratified rock salt 
structure. 

SOLUTION: Lithium nickel composite oxide for a lithium secondary battery positive electrode active material has a 
stratified rock salt structure expressed by the composition formula: LivMgwMnxAIyNiz02 (0.9<v<1.3. 0.0001 <w<0.1, 
0.02<x<0.3. 0.01<y<0.3. 0.4<z<0.95 and w<x). 
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^'VJr/HS^BHfctt** fflfiluU i.Mg.Mn. A 1,N 
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fifiSxU i.Mg.Mn. A 1,N i.O 
2 (0. 9^v^l. 3, 0. OOOl^w^O. 1, 
0. 02^x<0. 3, 0. Ol^y^O. 3, 0. 4 
^z^O. 9 5, fro, w<x) T^tStl, IBVigiWM 

[»*a2] ffiffiiatfaf, o. 9 5^v<i. o 

5, 0. 001<w<0. 05, 0. 05^x^0. 

2, 0. 02^y^0. 2, 0. 55^z^0. 9 t% 10 

Ctt*«3] Bu!Bw<DfiIli, 0. 0 0 5^0. 0 

m U f - 9 A^ «y ^;l/*I£i?{kfeo 
[»*«4] ffljSiU i.Mg.Mn, A 1,N i.O 
2 (0. 9^v<l. 3, 0. OOOl^w^O. 1, 
0. 02^x^0. 3, 0. Ol^y^O. 3, 0. 4 

^z^o. 95, fro, w^x) t?a^nji«SJa«fii 
zfitzvrvL-v^frm&MitmzfcMftVomicm 20 

[0 001] 

©ESrg^Mfc&au^A^yy/Hf^gtfkti, iffc 

$ffiT\ a*ss*^t ^o+^^i^ttoMF&u 

f - A - ^WfifcAUST 5 c i: Of t a U A - y >r 
[0 0 0 2] 

a i: v>-5 asfr 6 , u f - •> a - ^na&fr^fflfk? nis < 
^rt>, nam, H»iaHfre)«sie»*©i«^si 

A~;fc«rafr*t&WSftT^*. 40 

[0003] v?vi*-'kmm<DmMfeVan.titz> ] ) : f- 

LT, Li C o O2 , JftfgJ&ffiii L i N 

i0 2 , Xtr^;HgJiL i Mn2 0«fr*J:<*n5>tlT^ 

«Efrf#e>na^©gfifr£, SffiTti, licoO; 

£ESgfWKflJ^S-&«Jfifr"±8it*i5fcTt'>a. 
[0 0 0 4] i:C5fr, L i CoO«S:ffiJ«"r*7t3RT 

T'&aci:fr5, 'Jf->A^tI(D3Xh^jf L±tf 50 
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S^:trftSHi:*oT^*o LfcfroT, U^^A"^ 

a *«©Effiffitoft£fl!^fcttfttffcfc 
■f, inflate L i C oO«*EffiS1*Hfc:ffll/\fcy 

%>o 

[0 0 0 5] CCDL i C oCMcftfroTHHf^nS© 
fr, l^S^itL i N i 0 2 T'£3o n/^UhfcJtK 
LT$fiffi;5:--y^^^TC^t-r5<ltfr?), 3Xh 
ET'flft, aBnttttSaKtefTttL i C o 0» 

[0 0 0 6] tC%t>\ COL i N i Ch «, ^Sftgft 
fr*£ ^ c t «fc 0 < <o U f - •> AfciftlE 

i;T'iSSB s B^fr^L^-n^i/^^,frSi.o Lfcfr 

-DxmM<DwmMmt^w>t^t^o, ^t>$>%y<<t 
TTli-S'^kfrjityc tfr 6, 0)j*.fcfgftftll?fts 

[0 0 0 7] L i N i OtZfeW&t LfcEfiifC 

^.(f , ^fMBS 62-264560 ^i>fS, «PB!¥ 5-3 
2 5 9 6 6tC^-TJ;dtC, N i +M h£D-g|5^C oTB 

tR-ra to, $fc ^r^¥ 8 - 7 8 0 0 9 ^mc^t 

^9tC, B, Si, PHfr5>g{ftl/clSW±07U^T 
W®?Z>tt$>lCMn%mu?% ! L<D. Sfc^?)^, W 

ra¥ 8 - 7 8 0 0 6 ^atucjs-r <fe a tc, Co TS^-r 
^T-smr a to^fr^?nT^rc„ 

[0 0 0 8] 

[^frP^Li^t1-i>M i:C5fr, CoT'Ni 

ft, w&K>iEmfetyn<037>h?'yyt^?&X'&?$M 

*mr$><Dtf<s.-oTZ>o Sfc, MnHOTC^T'N i *t4 

i: fr nr ^ a t fr fr t> e -f 4 fffioM n nfr 

Lcfco t?z>ffiftic$>ir), *<Dizit>Mt<to*<DW3itp1i 
fktt-ZmrztlitbKL* »jR3S?Lfr^ffiLfcO, LifrN 

[0009] *mm*. ttmmmoyit&ttfmzm 

jiU^-^A^'y^yU^^k^cfe^T, N i+^b* 
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Btffifflfc te it § <M * ;l/#14©&$?ft V ?Vl*--kWM 
[0 0 10] 

L i.Mg.Mn. A 1,N i.Oz (0. 9^v^l. 3, 10 
0. OOOl^w^O. 1, 0. 02^x^0. 3s 
0. Ol^y^O. 3, 0. 4 ^ z ^ 0 . 95, fro, 

[0 0 1 1] *8E©'Jf-£A-'yy;M££»{fcftl::*5 
t>T(i, Mg(i±tcL i 1M McH8SSnst>©k#* 
f,n5. otD, J£t!OT£ffli?fcD »«&*©** ft! 
«gm^Uf-^A-'V^^?I^t^{i:*3^T, N i 
h©-»££fflifcMnfc<fctf A 1 tlM^ttt 
IC, S5fC, L 11Mh©-»*, MgTWiStfet 20 
©•?&?> i:^*. So 

[0012] Mgii^pf zto-e&&t-zz.tfre>. n 

^f4itt*ft*fto^< N i <M h«:B»f *Mn*MfilS 
TfFfiEU »3lS£?L LiONi^ ^©SfiftHtft 
^©|§Jltt©IWfc*IIISIL*SIMIIii©£i£{b*BI* £ £ 

JilcftSttfcL ifrF.*5lWU #yf-£A^ 
^■;I/1t^»{kttHCfcV^TW:, £©L iJf^KL i «fcDt 

$ 0 se>tc, Mg©B&&, 7c»;:f#?i®«ftL i ©St 

iw*ai«|pj-racifc^ (s*E«i«^««nsL i ©& 

•T & c k ©T* f? 3 lEffiiSIMi k ft 3 . 
[0 0 13] #IP£©y^A-#TOi> ±IB'J^^ 

k ^ -5 «A*iSfr loo, «ft«jfi©fi£fbtf a & nfc 

[00 14] 



^12000-34872 4 
4 

*ffi©MJBiU;:o^Tt¥ L < Btwr So 

Uf-i7A->y^;WI^^b^«. HfiEiU i.Mg.Mn 
.Al,Ni,0i (0. 9^v<l. 3, 0. 0 00 1 ^ 
w^0. 1, 0. 02^x^0. 3. 0. Ol^y^ 
0. 3. 0. 4^z^0. 9 5, AO, w^x) T'ltS 

[0 0 1 5] ±tcN i hO-SP^H^^STt^k 
LTMn^iilRL/cIlilte, M n^fiffiftjC^T'SS d 

SfiJ^O* »)»««*© x©tftt, 0. 0 2<x^0. 

3k-TSo cniix<o. 0 2©ti^i, v-jtii/Mt 

<, x>0. 3©*&«U tBfigBtffSTfSfr 
ftfc, «tO««FttT*^Wft-**«!l*«i« 
T* 1 5 iESfiHMtfc'*" 5 fc fete «, 0. 0 5^x^0. 
2 i:t5^J;*)ISL^ 

[0 0 16] ±tcN i h©-gi5^B^$-y:St9-- 
o©7t^i:LTA 1 *M1RLrzW&li. A 1 A^fflSftjc 

^e,T'S5, g&S-&3»J£'^S9i§JSx£'t'©y©fiI 
ii, 0. Ol^y^O. 3k-Ti.o ctit±y<0. 0 1 
©»^«, »^«Wf©S^tt*J:tf*'ff;H*ttlfiI±« 
^^?E»T'S0, y>0. 3©li^«, ttm©S« 

jbMST-rs^&T-^-So ft*3, £K>m%f&x*nm&i&- 
xnm*ffi&r*z%&M : feVan£-tz>rcsbic&. o. o 

2^y^0. 2 k'TS©AU , 9l$ U\, 
[0 0 1 7] ±tCL h©-g|5^B^-r2.Mg«, 
U f-^ A- y ^r^«^»{b«l©^JS»c*v^T, B^^-iJ 

(DCtfrC,, B^fiJ^-oS^^fiSt^Ow©^*, 

x Wo ^©fB«, 0. 0 0 0 1 <w<0. 1 

i:-rs 0 cnti, w<o. oo oi ©*§£«, ««fi©-9- 

^yl/Wtt^^T*?), W>0. 1 ©tlaii, 

gffiAM&T-rs^eT-^So ftfe, AOifisWfttT^fflw 
*-wm*mtifv # s IE® jstis k r * ?t©c a > 

0. OOl^w^O. 0 5 £?%><DtfM$.Ll\ 

itntf, o. oo5^w<o. o 2 k-rs©^*^!! 

[0 0 1 8] N i ©§a*J-&oS0ffll«St«©2©ffl 
ti, ±EMn*«ttfA 1 ©BJftffl^tCfcoTatJSt* 
©kftS^, 0. 4^z^0. 95k-T5o Ctlliz< 

) o. 4 ©«£«:, «»isa^aauciaT-rsfc©T* 
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0, z>o. 9 5 lM*/l/«rte, ££ttt*> 
5Fft#ftfcft£fr5T*%„ fcfe, <fc9iS^1*T^fflW 
ftz^Wtftfcfl&ST * 5 lEffigttH t f S ft lc li , 
0. 552z^0. 9fcf SOA^OSISU^o 
[0 0 19] L IO#ftaiJ^oS'J»J«S4 , Ov©ll 

Mg-eosMim^ l i i im h^am 

t§<:iit)^en§/c^ cn$r#JtL, o. 9^v 
<1. 3fcfS. U^7A-#*ttfifc:|o^T, ^E«t«fc 
i T-SSct^P., L i <D#aflJ^ 

fc, L i tf£-rtfnfcf 5BJH* L i liigiftlHaflBK: L i 2 

coi«££tfu ast*^fr<*srcft, o. 95< 
v^i. osfc-rsoft^osasL^o 

[0 0 2 0] SSfilciCL i,Mg,Mn.Al,Ni.0 2 T'I 
jfi«it©t>®©tefcH fiSgffi*ji (Fm3m) <D&© 

[0021] Ittg&fc&ou ^A^-yfr/WS'&lMb 
If, (00 3) ffi<D@#T tf- * {±Ji^gmii3iWH wo 

toT-fe^ofcMLT, (1 0 4) mvmftv-tn, 
mttgmmmtttgmmmvmmvmfTic £ o ti# & 

n5o Lft^T, (0 0 3) jg©|aH)f»03SS I « 30 
t (10 4) iB©lHlStia©3fiS I hh fcofcfc I ■ 3 / I 

^r;l/H-&IWk*Ttt, C©|5UfTi6©3ftfiJt I mm A< 1 . 

[0 0 2 2] *?PB©Uf-7A^y^b^i!{Lfe©lJ 

h^Xii, Mtf£a§ti:J;oTRiln?*a. 0>Rlf, ® 
*BRJ5i£fc:.fcoT» fflfi!u£L i.Mg.Mn.A 1 „ N i. 

5L i> Mg, Mn, A 1 > NitfLi : M g : M n : 
Al :Ni=v:w:x:y:z t&Z>& o icMaL, 

cvmsvs*. *:%.(£ib%wmm%w^x\ soo 
~9oo°c©j&ST% 1 2-4 s^rassfitrictsci: 

LTfiL i OH • HzOm*. MgUHLXUgOm 50 
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£\ MnSfcLTMniOj^ A 1 fflt LT A 1 2 0:> 
NiSfctTNl (OH) *l|2• ; en ; ^ : 'ftffl^ ; §> 
^:i:AST't3o 

[0 0 2 3] < U * 9 A-^fjlS) ±32*f8E© U 7 
A- -y fr;U«aiHt1**iEttffi»lt«i:Jfl^T U ^7 A.~ 
^*«BR-r S C A^lf # S . ±IE U f - 7 A- -v £ 

5, l S©t,©£|i&T^TMffi^«£^3£<b*> 
Tv*, Sfc, 2fBia±©t>0*iI£LTiE«ig14>KJ:L 
TfflV^CbtTtSo L i C o0 2s L i N i 

0 2 Hi^P© U f - 9 A8£lWfc«l i: S3 L T C ft fclEli 

[0 0 2 4] *«^OUf->Ar^*?fik:43^rtt, IE 

^^li^L, v*etccne>^i(^-a:-5^'J«bLTN- 
^f;l/-2-^n'J KyllJ&aftAnAT^-^hWOiE 
®^WilL, dOE«^t**7;U5->j7AI5^0E«* 
«(*affiKI6flJL, KttU ^<D^iJ^{i:iSL7LX^ 
tc«fcO?g«%lHffifi%SftSCi:K:«fe^TfBflt-rscifcft^ 

[0 0 2 5] ^ffitt, ^ffiSftHtc, &JBUf-7A, U 
f-9A^^*fflv>T«!fiR-r-5c:i:t,TtS 0 



Ji'Jf-7AH*^ffi{i:fla«/''S«i 



£0Uf-7Ar^«mT{i, ^HSfeHtc, Uf-7A*[» 
nmcfijjSft^ 0 > L «fc o £ f ^5 »; f - 7 a - 

[0 0 2 6] cn^OtOO^^^ ^Mfc<fct>*A)i(0|| 

^7A-^«jte*^B)cTt5i:».^fiJ^&5a C<D|iJ 
^^SA^ L fc 'J ^ ^ h.-^mM^m- Z> t§^> ffll^S 
HfpHi, m$kV£<Dm v^C i:A^$ L< , (0 0 2) ffi<D 
®F^Hd« B A^3. 4 AWTT&O, c Wl^^oeS^ 
JP*L c AM 0 0 0 AWlOtO^ffi^SO^il^. ft 

te, Aiia&His 0iJ^.tf> SHffi<bttSSR*2 8 0 0ic 

W±©iS}aT'J»fflSLT»Jfi-rSC fc^T-tSo COtg 
££4 0 O'Ctu^TJiP^f *iiB'P»6ti*3t*l!»tt 



(5) 



©/J\j*flc (>va— tfyvftaV— X : MCMB) tg 
[0 0 2 7] *jft«Mt:ttR*& -»fc:5Mi J f»5ftfr& 

safest <, mi&?%-&w&<DV4 

(0 0 2) ffi©fflfSPSd<m #3. 4AU±T^0, c 
$|7?A©*SII^ L c 3 0 AttTiOt^fflV^© 

[0 0 2 8] ItSMIMfcttttaKfctt* 
# V £ m£ft% fc ©T\ #5 ^ttKiRK^a* n 3 #ft 

S zi^ttffe©-? f 9 /Uttttf A» * * £ ^ 5 f 'J£# 
!K c©£*%#rntf, WKWMkttK**ft«KHWl 
fcLTffl^5©tflI3:b</\, ^{*Wtc«, 7i 

jWWttBc** 7^7 'J ;l/7;V3— ;l/*flfiiftJ*#*&ffl 

^aarns. ioasi<tt» (002)®©® 

R9Ngd« #3. 6AW±T»t), cB^I*©^?* 

[0029] ±e, m »jiwMktt«*. **»<ktt 

2aJ.X± ; &?iB UfflV^CttTtS. 2fflW± 

mtmcvm • jfcwsna u i/c-fr^ 
«tt**t)ft»fttofc«i«T?, mafcimsBfktt 

[0 0 3 0] LT««tm*ffiV^*«W 
©U?-*i»-2flBft©*&* IMS14, ±fB&*tflB©t9 
ttf*K, *§«« f: L-T©* U 7 «y it M- U f^^7 

h#©&ffi£tfi:U c©ft«*tt**HS«©IHMMI 
cfc 0 ffitoJHEfifcffifc * c. £ <fc o T Jfc$"f 3 c t T* 50 
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[0 0 3 1 ] ZE^JIH^^^^-^^-* 

ya£l^*-**-K 

K y-7fD7?hX 7-feh-HJ;W i, 2— V 
^h+->x^^ fh7fcFo77^ >J**Vyy. 

14, L i I, LiCIO,, LiAsF., LiBF., 
L i PFt, L i N (CF:.S 00 a3F©'J f^Alfifcffl 

[0 0 3 2] J^©fc©*£g*JSg*fcL't-«l*Sla 

a. ^-rn^s^ss^oT'fcoTt,, mantra 
mi**?* ^smsttfr e^gpicii-r 5E«? j; t> - 

[0 0 3 3] 

^n^*n©u ^^^--v^^i^fk^^Eiia^stc 

fcaffifc^fi^^^T 'J Az:5Jt*«!!*^Sfi0>]fc b 
T^fiJtLfCo Mg, Mn, A 1 Of-fn^iBlft 

^ -ST 'J 7 ^r;Hi-&iEfk^=&4fi!t C 

^[0 0 3 4] <mmmi>*?. LiOH-H,0^4 
2 7.3 8MfigP> MgO£0. 2 0 1 Mn 
2 0 3 ^7 8. 9Saa5, A li0>*5 lSSSPx Ni 
(OH) ^7 8 7. 4 9SMSPi:LT, ^n^'n^TX 
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8 5 0°C©ggT\ 1 2R#l3J&8Lfc. Mft? 
^BKLfco £jffLfcy*-*Axy>!rrt/«£»Hk«i.i* ffl 

fiSti^L i i.o2 Mgoooos Mno.i A 1 o.os N i 0.8495 O2 

[0 0 3 5] C©Uf->A-'y^^1S^iWtftl»**iE 
ffig^K^L, S*K8 5a«»K:*fLT, 

[0 0 3 6] ft«& 2 8 0 0XX*ffif8.Lrcm%t<t*V 

7 i-X'J^ftfc^SffifcR tU t ©S^R 9 o fifi 

S*asg-&u N-^^;i/-2-trau pyzmmha 
*, ^-xh^olti^i, <:©&*&#** fflfS 

[0 0 3 7] ±8BiE«fe«fcO : ftS^ jJ?Ux^Uy«-t 20 

Lfco C<DS®f*£ 1 8 6 5 OSMH^-7 (BS 1 8 
rami l?6 5mm) fORfflU Itffll^fTo/c 

i : i Km^^rc^mm^ Li PF.*iM©ate 
<£ss0j 2 > umij i ©«£© u f - 7 a- v >t jimsm. 30 

«t0, ffl^SCL i ..■» Mgo.ro* Mno.i A 1 ».<* Ni 

o. M2 o, n* u * * z»x ? ^ ;Ht<rtMk**ft« 

c © >J ^ 7 #«t&£Hfi£0ij 2 © ~ & WiH i: L fc. 
[0 0 3 8] <HSt0!l 3 > HffiOT 1 ©*I£© Uf"7A— 
>y!r;Hf-&&{k$i©£Jit.i:*5^T, m-StZZtiZtiv 
jg&©g£J*£^MT5££K«fc^ fflfiK^L i M 40 

g,..(.o Mno.m A 1 o.(* N i o.«n O2 T'$k<£t\& 'J f- 
7 Ax -y *;H££ilft:«B*£jS b fc. c © V 9 7 A- -v 

ij^7AZ^ffi?fi«:^SLfco !:©'J?-2.Z»-3WtJfi* 

[0 0 3 9] <£ttffl 4 > gffiffll 1 ©*1£© l ) ^7 Ax 

©Hcg^JtfcfEE'fr S c «k «fc 9 , fflJS*C Li,.., M 
go.™ Mno.ro Alo.. Ni«.« 02T'S<*tl£U ^7 
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;HI^IMk**fflv\ glMU©^^^©^©'^ 
[0 0 4 0] <^«5> £fi&0l 1 ©^©'J^AX 

yy;i/ft£gg{k^©£$^fc^T, g^-rss-ivfn© 

gn.ro. Mno.22 A 1 0.03 Nio.» Oz T'S«* U f" 

7 AX «y Lfc. C © U ^7 Ax >y 

<5r;m£BMktt«flii\ *»«lOiftfcBaol*0 
■Jf-^A-^W'fifcftMHLfco C©U^7Ar^«m^ 

[0041] <^ss^j 6 > %mm 1 ©«£•© U AX 

•y-5r;b££iHkf!8©£JSKfe^Tx SB-TS^ti^tiO 
R^08^1t%X£'f %<l2:(c<):>7« iSSfiScSL i ,0. M 

gO.002 Mno.22 A 1 0.0. N i 0.768 0 2 X'B. £ tl 5 U f - 

y;M«HMfcto*Jfll»\ SW0U©8£fcEll*©#Wi© 

nagwi6oz:^ami:Lrco 

[0 0 4 2] <*«W7> ffeMUl ©*§£©'Jf-7Ax 
•y-Jr ;Hfi^lWkft©^fJ:*5^T, g^-fS^ft^tt© 
KftOgfclfrHEMI" 3 C <k tc j; 0 x ffiBSti^ L i M 
g 0.001 Mno.ro Alo... N i «.«> OzT'S^tl^U^ 
7 A- >y ^;Hfi^»{kttl**fi8 Lfc 0 C © 'J ^7 A- y 
y;Hfi^»fkttl'&ffli'\ ^MiJ l ©*Ia^|s|1i<D<iBK« 
U^7A-^SH6^^SL/co COUf-^Ar^tttfi* 

[0043] <nmm8> mmmi om^<oo^L>- 
•y^Mg£BHktt<o£j££J8^T, g^-rs^-n^n© 

^©g^-it^M'TSJlilfCfcO. IMSL i , 02 M 
go.ooa Mno.tM A 1 on Ni 0.847 ChT'^tl&Uf- 
7 A- 7 ^;Hlft»{bft*4lS tfco L©Uf^A-7 
^r;l/ffi^»{k«i%ffl^\ ^JS^Ji©tl^t[5i1i©1Se)c© 
U^7A~^«?fi^f^LfCa iKD'J^7A-^«^ 
^JfiP8©-^*mtLfCo 

[0044] <mmm9> mmm 1 ©^©uf-7Ax 

'y5r;Hfi^»{kft©*tBR.ci3i/>T» g^-TS^n^ti© 
^©g^tb^:^Mt"?>ci:^<fc0, ffifiESL i M 

go.aa Mno.ra Alo.ro N i o.» C>2T'^£ft§ , J : f 

7 Ax <y ^r;l/**||f k»* L-fc, C © U 7 Ax y 
y;Hfi^BKk1*5£fflo\ *8fiffli©«^i:IBItt©«!iS© 
ij ^ 7 Ar t fc 0 c © 'J f - 7 A_^«ftk=& 

^J6(5ij9©_^lffii:L/co 
[0 0 4 5] <^fiSMl 0> ^/5fiPl©li^©U^7A 
x-y5r;Ht^SKk1*©4«Jcfe^T, g^tS^n^n 
©gUs*©g£t&&8£E"*Sci:fc:«fcD» ffiBKiSL i 
Mgo.oo. Mn.... A 1 o.os Ni 0.842 Oj T*^c*tl5 U f- 
7 Ax >y ^ ;UJt^k^4fi)4 Lfco CO'Jf7A-7 
-5r;Hld»b*%fflV\ ^fi£0J 1 ©«^fcl?l«©«l«© 
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1 0O~^WfifcUfCo 
[0 0 4 6] <HSS0J1 1> 



i©ii£©'j^7A 

M gn.n? M Hn.is A 1 o.ttt 

7 A- v>T)im£M<tVa*£&. t fee C © U ^7 A- -v 
'Jf)Ar^i?i!i%ffSLft. £©'J^7Ar#i|ftfi* 

[0047] <^m>ji 2> mmm\ ©*§-&©u^7a io 

Offi$<om&lt*$M?&C.tK&!). «§J«5U i,.o, 
M go.iini Mn 0 .« A 1 >>.2i N lis» Oi*£i£<£nSU 
f-*2»-vfr;MtaWbto*£rtLfc. £©'J^7A^ 
•y*/M*&IWI:tofe/lv\ ^SS01J l ©#&fc|i3«©HlJff 

^HMJ 1 2 <D~-knMt L/co 

[0048] <nsse>n 3> ©^©u^a 

©JS^©Jg^Jt*SS , raci:tC«fc!3, ffllSSL i 103 20 
Mgo.mi Mnoi A 1 o.(ii Nio.»» Ch T'S£n?> 'J f" 
* A- >y ^;Hf £SHb$l*£fiE Lfca c © U f-7 "V 
*;l/*SHWt**fflv\ ^lM>Ji ©*§-&£: !!&©$$© 

1 3 (D-Mnmt. Ltco 
[0049] <mmm \ 4 > mmm 1 ©«£© u ^7 a 

M go.,... M no.i A 1 0.22 N i o.67n 02 tl& U 

7A^y^/l/^£gtfb^*£$Lfc. C©U**A-v 30 

'rim&ffltVo*®^ ^ssw 1 ©•&fcH«©*D*® 

[0 0 5 0] <!WJ 1 5> gfliffl 1 ©*I^©'y f"7A 

- 7 b» ©£jsk *3v>t, s^-r 5 ^tl^'tl 

©^©g^JtfcSM"*" fct*0, M&RL i ..» 
M go.™, M n.i.i3 A 1 ».m N i ».n O; Tg$n£ U 
->Z,r.-y>!r;Hi^{b ! fe ; &4fi)ct/'-o e©'J?-7A:i-y 

■j^7Ar#ffi&*fti!i,7co <:©y*7Ar:fcsm£ 40 
UMiJ 1 5 ©-#®fei: Lfc. 
[0051] <!t8£0J 1 6 > fUM'J 1 *^or««io 

re, 

[0 0 5 2] <^J5S(5iJ 1 7 > 1 1§£©-#«I&© 
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[0053] <mmm 1 s> i *§-&©-#*m© 

«Mb * v 7 x - X'M*(* t / n- K ^ i: Sttltb-e 
7 : 3tfi*bfcJB^«*ft*iS«ifHi:fiEffl"r*i:i:K: 



«K9, 8'J©-#«fi*ft«Lfc. flfiO«flaBJl6ttftE 

1 <D-%mm£mmx*2oZo z<D~wmmznmm\ 8 
[0054] 1 9 > nmm i is^or^aifio 

»^>T, m&Mb^V7x-X/J^i*E^^.T, 

«&k|B|«lTSSo i 9©-&«fi 

[0 0 5 5] <tt»{H 1 > JOSH 1 ©*I£© 'J^AZ 
•y^;b?g^fb^©^tC*3V^T, MgO^g^ 

no.i A 1 o.ns 

ws*fiF« l fc 0 c © u ^ 7 a - ^.mm^imm \ ©- 
[0056] <tb$$w 2 > mmm \ <Dm&<o 

■f> flS©Jg»©Ji#Jt«:SMSH3:T, IMSL i .... M 
g n ,. E Mno.,« NUm O.TSSnS'Jf-^A-'y 

»{b«B*fflv\ ^S6fi?i] 1 ©»afcH*©«lJS© l Jf- , 2^ 
-^t»*ff«! L/c 0 C © U ^7 A-^Wte^tbl^J 2 

[0057] <hk$$i?ii 3 > nmm i © ti^© u f - ^ a^ 

>yy/Ht^fb^©^B)ttCfcV^T, Mm Oj*^*-* 
■r, fa©«»©jB^lt*«E«*T, ffifiJc^L i.o, M 

gn.nr>2 A 1 o.as 

»fb1*«:ffli/\ ^SfiM 1 ©$ ^fcrafilCttJSW'Jf-^A 
-^SHfe^^SLfco c© U ^7 Ar^*»«Jt«WI 2 
©r^S^fcLfco 

[0058] < «; f - 7 a- *«»©«? tti¥fiffi> ±t a^ss 

iVUmt. *?6©*(sEfflfflfiffiili:@«ns 6 o°c©^ 
lifMg©T, 2mA/cm 2 ©S:j5ftaigT% 7t*ttE 

X'jzmmi&mtt'noctzi-y-ftfrtL. en* so 

0-9-W^;l/W±»0iS1-«>©fcLrc. 
[0 0 5 9] UK©ISJR^ IT, S'Jf-7A-**?fi© 
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